. Neurons were distinguished from glia based on published criteria (2, 3, 25, 26) , including (i) somata >20 p.m in diameter, (ii) nuclei >12 tum in diameter, (iii) cytoplasm with widely spaced ("0.25 ptm) parallel stacks of membranes (i.e., Nissl §To whom reprint requests should be addressed.
"mixed" (i.e., chemical plus electrical) (1) (2) (3) (4) (5) . Of the three types, only chemical synapses are thought to occur widely in the mammalian central nervous system (2, 3, 6) . In contrast, electrical synapses (7) , although common in the spinal cords of lower vertebrates and in neonatal mammals (4, (8) (9) (10) (11) , are thought to be extremely rare in the spinal cords of adult mammals, having been found only in two small clusters of motor neurons that synchronize the contractions of ejaculatory muscles in adult male rats (12, 13) . Mixed synapses, however, have not been observed previously in any region of the spinal cords of adult mammals (2, 3) . Consequently, gap junctions have been suggested to represent an ontogenetically and phylogenetically "primitive" device for intercellular commu- nication that has been all but abandoned between neurons in the central nervous system of adult mammals (2, 6) . [Their apparent absence has been explained as providing a "mechanism to increase the metabolic and functional independence of neurons, in order to permit more complex information processing" (6 (Fig. 2A) ; (iii) presence of distinctive "active zones" (1, 3, 30) established criteria (22, 25-27, 30, 31) , including (i) presence of 7-to 9-nm P-face intramembrane particles and/or E-face pits (32) in distinctive hexagonal arrays (Fig. 4 A-D) ; (ii) continuity of alignment of the hexagonal lattice of particles and pits where the fracture plane steps from P-to E-face (Fig. 4C) ; and (iii) narrowing of the extracellular space within the perimeter of gap junctions (Fig. 4 A, C, and D).
In several hundred small patches of plasma membranes, 36 mixed synapses ( Fig. 2-4 ) containing a total of 88 gap junctions were identified. Moreover, all of the neuronal gap junctions were in mixed synapses (i.e., none were found in purely electrical synapses). Two-thirds (24 of 36) of the mixed synapses were on somata or proximal dendrites. Of the remaining mixed synapses, 10 (28%) were on small-diameter dendrites, and two (6%) were on small patches of plasma membrane (Fig.  4D) Fig. 1 ). Moreover, they were found on neurons in laminae III-IX, including laminae IV-IX in the lumbosacral enlargement (Fig. 7) Fig. 8 for diagrammatic representation of the concentration of mixed synapses on a typical neuron.) On an a-motor neuron, for example, 300-600 mixed synapses would constitute 3-12% of the estimated 5,000-10,000 synapses in the same area (35, 36 (35, 36) . Moreover, -60% of inhibitory synapses contain flattened synaptic vesicles (33) (Fig. 8), rather than a small fraction of neurons having several thousand closely spaced mixed synapses.
Mixed synapses occur primarily on the electrically integrative portion of the cell-the soma and proximal dendrites.
However, the small number of connexons and the limited electrical conduction at a single mixed synapse would be unlikely to cause electrical synchronization of neuron groups (37) . Likewise, the intercellular geometry (38) at mixed synapses appears to preclude a dominant role for these extremely small gap junctions in conventional orthodromic electrical transmission in mammals (ref. 37 Although the electrical effects of mixed synapses have yet to be detected in adult mammalian spinal cord neurons using current electrophysiological methods (15, 17, 18) , the presence of several small gap junctions at mixed synapses may, nevertheless, produce profound effects on the electrical and metabolic properties of coupled cells: (i) summation of electrical and chemical transmission would increase the amplitude of postsynaptic depolarization, thereby improving synaptic efficacy at excitatory synapses (37) ; (ii) retrograde electrical activation could potentiate neurotransmission in a particular subset of excitatory synapses, thereby providing a mechanism for recruitment of that class of excitatory fibers; (iii) retrograde activation of inhibitory terminals could provide a mechanism for negativefeedback inhibition; and (iv) direct transfer of metabolites and second messengers could be involved in regulation of synaptic efficacy (37) and/or defining functional groups of neurons [e.g., defining "pattern generator" circuits (40) ].
The demonstration of abundant mixed synapses throughout the spinal cords of adult rats, where previously only chemical synapses were thought to occur, requires significant reassessment of our concepts of neuronal communication in the spinal cord, and perhaps in the entire central nervous system (5 
